A study on the morphology of ankle with osteoarthritis using 3D-CT  by Kokubo, T. & Hashimoto, T.
Fig. 1. Group average (a–d) and difference (e–f) thickness maps. The A,P,M,
and L letters in plot(a) refer to the anterior , posterior, medical and lateral
directions, respectively
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CORRELATION BETWEEN BONE APPOSITION OF THE ACETABULAR
RIM AND MORPHOLOGICAL INDICATORS OF FEMOROACETABULAR
IMPINGEMENT IN THE JAPANESE ASYMPTOMATIC POPULATION
T. Goto, K. Mineta, D. Hamada, H. Egawa, K. Sairyo. Univ. of Tokushima,
Tokushima, Japan
Purpose: Acetabular rim ossiﬁcation has been generally accepted as an
osteophyte, which appeared in advanced osteoarthritis of the hip. On
the contrary, it is suggested that bone apposition of the acetabular rim
was induced by femoroacetabular impingement (FAI), abnormal abut-
ment of the femoral neck against the acetabulum. FAI has been well
described as a pathologic process that can lead to early osteoarthritic
changes. To date, the association between the bone apposition of the
acetabular rim and FAI is still unknown. The purpose of this study is to
evaluate the association between the presence of bone apposition of the
acetabular rim and morphological indicators of FAI based on computed
tomography (CT) examination.
Methods: We reviewed the CT scans of 245 consecutive subjects (490
hips, age: 21–83 years) who underwent abdominal and pelvic CT from
September, 2010 to June, 2011. These subjects were mainly examined
for abdominal disorders. We conﬁrmed that no subject had any
symptoms for the hip joint by the questionnaire survey. We reviewed
them to evaluate the presence of bone apposition of the acetabular rim
and the morphological abnormalities of the femoral head and acetab-
ulum. The multi-detector CT adjusted for the anterior and lateral
inclination of the acetabulum was obtained. On these images, 3 radial
sections, antero-, mid-, and postero-superior, were determined at 30
degrees interval. Each section passed through the midpoint of the
acetabulum and crossed vertically to the acetabular margin. Boneapposition of the acetabular rim was diagnosed by the recess sign,
which is characterized as a gap between the native acetabular rim and
the extension of the osseous apposition. We measured following three
signs as indicators for FAI: a angle, center edge angle (CE angle), and
acetabular index (AI). At the time of measurement, the position of the
pelvis was standardized. We deﬁned an anterior pelvic plane involving
the anterior superior iliac spines and the top of the pubis as a reference
plane (coronal section). Mann–Whitney U-test was used for statistical
analysis.
Results: Bone apposition was observed in 156 hips (32%) in total of the
three parts. The prevalence at each part, anterior, middle, and posterior
was 3.4%, 13.6%, and 24.6% respectively. When we divided the subjects
into the younger group (<60 years old) and the elderly group
(S60years old), there was signiﬁcant difference at the prevalence of
bone apposition between two groups (younger: 18.3%, elderly: 44.6%; p
< 0.01). In terms of the a angle and CE angle, there was no signiﬁcant
difference between the subjects with and without bone apposition (a
angle: 45.8  7.3 vs 43.4  8.4 , CE angle: 32.6  5.5 vs 31.7  8.1,
respectively). Interestingly, there was different trend in AI between the
younger and elderly groups. The younger group showed no signiﬁcant
difference between the subjects with and without bone appositionwith
the AI of 3.1  3.7 vs 4.3  5.2, whereas the elderly group showed
signiﬁcant difference with the AI of 4.4  2.1 for with the bone
apposition group vs 2.9  3.4 for without bone apposition group, p <
0.05.
Conclusions: Two different types of FAI have been described, one is cam
impingement, which is caused by small offset of femoral head neck
junction, and the other is pincer impingement that is attributed by the
acetabular over-coverage. Pincer impingement was thought to be
associated with ossiﬁcation of the acetabular rim. It was reported that
the bone apposition in FAI initiated from subperiosteal bone formation
at the rim, which was distinct from osteophyte formation in OA, which
is a result of endochondral ossiﬁcation from articular cartilage. In the
present study, we showed that the prevalence of bone apposition was
32%. It was observed more frequently at the posterior part of the ace-
tabulum and in the elderly subjects of asymptomatic Japanese pop-
ulation. Moreover, statistical analysis revealed signiﬁcantly larger AI,
means shallow joint, in the subjects with bone apposition in the elderly
population. These results indicate that the bone apposition of the ace-
tabular rim may have degenerative characteristics without clinical
symptoms and might be associated with the instability of the hip joint.
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A STUDY ON THE MORPHOLOGY OF ANKLE WITH OSTEOARTHRITIS
USING 3D-CT
T. Kokubo y, T. Hashimoto z. yKyosai Tachikawa Hosp., Tokyo, Japan;
z Sports Med. Res. Ctr. Keio Univ., Kanagawa, Japan
Purpose: The orthopedic surgeon decides the indication of operation by
classiﬁcation of ankle osteoarthritis using radiograph. On the radio-
graph anterior tibial angle (ATA), lateral tibial angle (LTA) and medial
malleolus angle (MMA) are generally analyzed.The patients with
osteoarthritis of the ankle and coronal deformity are treated by total
ankle arthroplasty, supramalleolar osteotomy and additional soft tissue
procedures. The indication and planning of surgical procedure is deci-
ded by evaluation of two-dimensional X-ray, but we think better by
three-dimensional evaluation using multiplaner CT.
Methods: We analyzed 21 ankles of 16 patients with primary ankle
osteoarthritis (OA group), and 25 ankles of healthy volunteers and
healthy side of ankle traumatic patients (normal group). Using CT
(Aquilion 64, Toshiba Medical Systems Co., Tokyo, Japan) , 0.5 thin
slice data were reconstructed three dimension view by Rapideye
Hyper (PACS,Toshiba Medical Systems Co., Tokyo, Japan). According to
three-dimensional coordination on tibia, in the axial plane one ccen-
timater below tibiotalar joint, medial malleolus joint surface line, lateral
malleolus joint surface line, medial and lateral side line of talus and line
connecting between the center of talar head and origin in an axial plane
were measured, and then the angles between the lines and the center
line were calculated. Each named medial malleolus angle (MA), lateral
malleolus angle (LA), talus medial angle (TM), talus lateral angle (TL)
and talar axis (Ta). We compared with OA group and healthy group by
Wilcoxon’s rank sum test, and estimated the correlation of radiographic
parameters (ATA, LTA, MMA) and Takakura’s classiﬁcation system by
Spearman’s rank correlation coefﬁcient.
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the normal group in the evaluation with three-dimensional CT (p <
0.05). In the OA group, MA, TM, Ta were about 5–10 degrees greater
than the normal group. LA and TL were no signiﬁcant differences
between two groups. In the OA group, the medial malleolus twisted
medially against tibia midline and the talus adducted in axial plane.It
were found that MA, Ta on the CT were correlated with the stage of
Takakura’s classiﬁcation signiﬁcantly (R ¼ 0.68 for MA and R ¼ 0.69 for
Ta). Moderate correlation were found between the CT axial parameters
and X-ray coronal parameters (R¼ 0.62 for MA andMMA, R¼0.64 for
Ta and ATA).
Conclusions: The patients with ankle osteoarthritis have medially
twisted medial malleolus and medially adduct talar head. The coronal
deformity correlates with the axial deformity in the patients with ankle
osteoarthritis. The varus deformity in the patients with ankle osteo-
arthritis would increase simultaneously with the talus adduction and
medially twisted malleolus. The medial malleolus axial twisting and
coronal tilting would affect the progression of the ankle osteoarthritis
stage.
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EVALUATION OF ACETABULAR MORPHOLOGY IN ELDERLY CADAVERS
K. Akiyama y, T. Sakai z, J. Koyanagi x, H. Yoshikawa z, K. Sugamoto k.
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Purpose: Aging has been implicated as etiologic factors in osteoarthritis
(OA) of the hip. There is little information, however, regarding the
relationship between acetabular cartilage and osteoarthritic pro-
gression in the elderly. Evaluation of the three-dimensional (3D) mor-
phology of acetabular articular cartilage is important for biomechanical
assessment of the hip joint and may unveil the etiology of primary hip
OA. The aim of this study was to analyze the morphology of acetabular
articular cartilage surface in elderly cadavers using 3D-digitizer and
proximity mapping.
Methods: Twenty hemipelves from 12 cadavers (nine women, three
men; mean ages 85 years) were scanned to create acetabular carti-
lage surface models with 3D-digitizer (Cyclone, Renishaw, New Mills,
UK), a device that captures a multitude of orthogonal coordinates on
the surface of physical objects by contacting the surface. There was
no degenerative disease. Each acetabular surface model was divided
into four regions: anterosuperior (AS), anteroinferior (AI), poster-
osuperior (PS), and posteroinferior (PI). In the global acetabulum and
each region, the acetabular sphere radius and the standard deviation
(SD) of the distance from the acetabular sphere center to the ace-
tabular cartilage surface were calculated with a least-square method.
In the global acetabulum, the distance between the acetabular sur-
face model and the maximum sphere which did not penetrate over
the acetabular surface model was calculated, and then the dis-
tribution was mapped at intervals of 0.5 mm. The comparison
among four regions was performed with generalized estimating
equations followed by a post hoc Bonferroni multiple comparison
test to consider the dependent data. Statistical signiﬁcance was
accepted for P values of < 0.05.
Results:Mean acetabular sphere radius was 23.1 1.1 mm in the global
acetabulum, 22.0  1.9 mm in AI, 22.2  1.3 mm in AS, 21.9  1.6 mm in
PI, and 22.6  1.6 mm in PS. There was no statistically signiﬁcant dif-
ference among four regions in acetabular sphere radius. Mean SD was
0.25  0.07 mm in the global acetabulum, 0.15  0.07 mm in AI, 0.22 
0.07 mm in AS, 0.13  0.06 mm in PI, and 0.20  0.11 mm in PS. The SD
in AS was signiﬁcantly larger than that in AI (p ¼ 0.006) and PI (p ¼
0.001). The SD in PS was signiﬁcantly larger than that in PI (p ¼ 0.005).
The closest region (0–0.5 mm) was distributed at anterosuperior ace-
tabular edge in 14 acetabula, and at anterior acetabular edge in three
acetabula. The distance between the two models tended to decrease
toward the acetabular edge.
Conclusions: This study analyzed the curvature of acetabular cartilage
surface in elderly cadavers using 3D-digitizer. It was interesting that theSD from the acetabular center to the acetabular articular surface in
superior regions tended to be larger than that in inferior regions, which
meant that the superior region had more aspherical surface than the
inferior. Besides, the contact between the femoral head and acetabulum
might start at the periphery of the lunate surface. In the patterns of
subchondral bone density, studies reported that the maximal density
was found at the joint margin, decreasing toward the acetabular fossa.
Changes in subchondral bone structure and density have been consid-
ered to reﬂect loading history in diarthrodial joints and progression of
OA. Therefore, the present ﬁndings on the inferred contact pattern
between the femoral head and acetabulum may lend deeper insight
into the coupling of cartilage morphology and joint loading. Another
interesting point of this study was that the closest region (0–0.5 mm)
between the two models tended to be distributed at anterosuperior
acetabular edge, where several athroscopic studies reported that ace-
tabular cartilage damage was found at a higher percentage. From the
viewpoint of the acetabular morphology, the acetabular articular car-
tilage in the anterosuperior edge could be more vulnerable than other
regions.
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CT-BASED MORPHOLOGICAL ASSESSMENT OF THE HIP JOINT IN
JAPANESE GENERAL POPULATION: ASSOCIATION WITH
MORPHOLOGICAL INDICATORS OF FEMOROACETABULAR
IMPINGEMENT
K. Mineta, T. Goto, D. Hamada, H. Egawa, K. Sairyo. The Univ. of
Tokushima Graduate Sch., Tokushima, Japan
Introduction: Femoroacetabular impingement (FAI) is a pathological
condition leading to abutment between the femur and acetabular rim
based on the small offset of femoral head neck junction and acetabular
over coverage. Furthermore, FAI is widely recognized to be a cause of
early primary osteoarthritis of the hip. Since the concept has become
widespread primarily from Western countries, most published data
about FAI is based on the Westerners. Although hip osteoarthritis (OA)
is one of the most common forms of arthritis, the etiology of hip OA is
much different in each ethnic. The prevalence of primary hip OA has
been found to bemuch higher in Caucasian than in Japanese population.
The major type of hip OA in Japanese is the secondary OA due to
developmental dysplasia of the hip (DDH). It is reported that the shape
of Japanese hip was typically shallower than that of Caucasian. Thus FAI
may have smaller contribution to the cause of OA in Japanese pop-
ulation. The particular etiology about FAI in Japanese population who
has dysplastic hip is still unclear. A comprehensive knowledge of nor-
mal hip anatomy in each ethnic population is essential to elucidate the
exact etiology of OA. The purpose of this study was to identify the
frequency of FAI related deformities in the hip joint of asymptomatic
Japanese population.
Materials and methods: A total of 500 consecutive subjects (age: 21–
90 years) who underwent abdominal and pelvic CT for a reason other
than hip symptoms, were retrospectively reviewed. Patients with hip
prosthesis, osteoarthritic changes or post-operative state were exclu-
ded. We measured following four signs as radiographic characteristic
for FAI: a angle, center edge angle (CE angle), acetabular index (AI), and
acetabular version. At the time of measurement, the position of the
pelvis was standardized. We deﬁned an anterior pelvic plane involving
the anterior superior iliac spines and the top of the pubis as a reference
plane (coronal section). Alpha angle was measured in the oblique axial
plane through the center of the femoral neck. Mann–Whitney U-test
was used for statistical analysis. We deﬁned the cut-off line of each
measurement as follows: a angle > 55, CE angle >45 , AI < 0, and
acetabular version <15.
Results: The mean value of each parameter, a angle, CE angle, AI, and
acetabular versionwas 43.8  7.6, 35.2  8.3, 3.1 6.7, and 18.8  7.1
respectively. Eachmeasurement showed the normal distribution. About
37% of the patients showed at least one abnormal value according to the
cut off values described above. Only 10.1% of the patients showed more
than two abnormal values. The a and CE angle showed signiﬁcant
higher value among the male population compared to female pop-
ulation. In addition, the CE angle showed signiﬁcantly larger CE angle
and lower AI in elderly population compared to younger population,
